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Abstract 
Wireless optical communication solutions have quickly emerged the market. They are actually considered as potential alternative 
to fiber optic solutions that are currently the most claimed technologies in terms of data rate. The main issue for this technology 
besides providing low cost and high data rate link service is to ensure continuity and quality on the provided link. To achieve this 
goal, it is necessary to investigate the factors that could disturb the link.  
In this paper, PMD (Polarization Mode Dispersion) in FSO has been investigated. PMD is induced from a delay between 
propagation modes, using polarization sheets we might seclude one of the propagation modes and avoid dispersion. Two different 
approaches have been considered: the received power depending on the polarization angle and the average data rate according to 
vertical or horizontal propagation. Based on experimental tests, PMD and its impacts on transmission delay have been evaluated.  
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1. Introduction 
Wireless optical communication systems attract increasing attention in network field deployment1-7. More recent 
than radio links, wireless optical systems also called FSO (Free Space Optics) are point to point connections using the 
propagation of a light beam in free space to transmit data at high speed. The quality of these links could be limited by 
antennas alignment between the two remote sites2. As high data rate transmission systems, the FSO advantages 
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(mobility, quick installation, free-license, no radiofrequency interference …) have allowed its expansion in telecom 
industry short terrestrial distances and long distances in the space between satellites.  
One main limitation of these communication systems is the propagation media. Researchers have proposed multiple 
input and multiple output system architecture to improve the link performance3. In the case of longer distances, relay 
systems have been considered4. Two well-known phenomenon which degrade the link performance are attenuation 
and dispersion. Attenuation is the loss of power on the way of propagation. Propagation duration difference between 
propagation modes of an optical signal can induce signal dispersion.  
Three different types of dispersions have been enumerated in the literature. The first is modal dispersion. 
Considering a monochromatic light, it is due to the multiple paths generating different lengths travelled by the light in 
a media. The second type of dispersion is chromatic dispersion. It is related to the difference of speed between the 
colored optical rays. The third case of dispersion is polarization mode dispersion (PMD). It is slightly similar to the 
second case of dispersion in term of speed difference generated while the light is polarized. This kind of dispersion 
due to a reception time difference is called PMD. With optical fiber, PMD impacts have been already demonstrated 
and evaluated but to our knowledge, there is no formal work evaluating PMD on terrestrial wireless optical 
communication link. In this work, we consider experimental5-7 tests to assess optical communication signals 
propagation on vertical and horizontal modes to attest the PMD existence on wireless optical communication link and 
then size the DGD which represents the delay between the two polarization modes. 
Our research on attesting PMD existence in FSO and assessing it impacts is subdivided in two parts. The first part 
is related to theoretical aspects and the other part deals with on field measurements tests.  The rest of this paper is 
organized as follows. In section 2, related works has been presented. In section 3, we have described PMD in free 
space optics and the measurement approached to assess it. Section 4 is dedicated to experimental results and 
discussions. Section 5 ends the paper with a conclusion. 
 
2. Related works in wireless optical transmission 
Free space optics transmission is subject to many research investigations because of its well-known advantages8. 
These optical systems are being preferred to microwave systems in cities and villages where the communication link 
distance is short. The main limitation of the optical wireless solutions for longer distances is the communication link 
bad performance due to atmospheric attenuation and scintillation which lead to turbulence9-12. Relay and multiple input 
multiple output optical systems are proposed to overcome the turbulence phenomenon which limit the practical range13-
14. Introducing optical transceiver for long-haul trunk lines has been proposed15. Line width analysis of a tunable 
optical filter based on free-space optics has been presented16. Atmospheric visibility and optical wave attenuation for 
free-space optics communications have been studied6-7. The commercial solution capacity available for terrestrial 
communication link is lower to 10 Gb/s 17. Many researches have been performed on PMD, but these works are related 
to optical fiber. In the context of more bandwidth demand, dispersion need to be investigated. As with fiber optic, 
PMD could be one important limiting factor for high data rate.    
3. Description of PMD in free space optics and measurement approach 
There is one main reason that explains the need to investigate on PMD for wireless optical systems or FSO. The 
reason is the possible difference in propagation speed between orthogonal modes known as a birefringence in fiber. 
The birefringence of a fiber may be caused by imperfections in the design of the fiber or at pressures that can undergo 
the fiber. The range and the data rate have to be taken into account while defining PMD. However FSO performance 
depends also on the climatic condition where the link is implemented. The light beam during its propagation interacts 
with the atmosphere and absorption by molecular diffusion and aerosolizes (fog, rain, snow, scintillation, etc.). This 
light beam is an electromagnetic wave and its propagation is affected by the ambient environment. The 
electromagnetic wave interacts with the charged particles of the atmosphere. These particles are accelerated by the 
electric and magnetic fields radiation forces. As the radiation has an oscillatory nature, the movement of loads will 
also be oscillatory. The charged particles become sources of secondary electromagnetic radiation.  If there is a delay 
between the directions pace, this could be due to a difference of interaction with the environment (particle encountered 
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during transit) for each propagation direction. The electromagnetic pulse can be separated into two orthogonal 
components (Fig.1). Each component represents a polarization mode and those modes are synchronized. 
 
 
 
 
 
Fig. 1. (a)  Standard pulse; (b) Subdivided shape. 
 
Fig. 2. DGD after signal propagation 
During propagation, one of the modes could be delayed (Fig.2) as it is shown in the case of optical fiber most of 
the time when the data rate is greater than 10 Gb/s. This time delay between modes is called Differential Group Delay 
(DGD). DGD represent PMD, and it leads to broadening the signal (Fig.3). 
 
 
 
 
 
 
 
 
 
Fig. 3. Signal broadening Fig. 4. (a) Perfect signal; (b) Detection error after DGD. 
 
This signal widening could lead to a bad detection of transmitted data and then induce errors at the receiver side 
since most systems have been designed to detect every bit on a time interval. With DGD effect, the system can’t figure 
at the receiving side (Fig.4) if it were a “1” or “0” which has been transmitted for the transmission of “0”. 
Appropriate approach to demonstrate the existence of PMD on terrestrial FSO links is the evidence of time delay 
between polarization modes. For each polarization mode, the data stream time pace could be recorded (Fig.5).  Based 
on that values, the time delay could be figured out by the difference.  
 
Fig. 5. PMD attesting process. 
To isolate each mode, polarization sheets (Fig.6a) have been used. By overlaying 2 polarization sheets with one 
polarizer at transmit side and the other at receiver side (Fig.6b), it is possible to select one propagation mode. 
 
 
 
Fig. 6. (a) Polarization sheet Fig.6. (b) Device allowing to insert polarization sheet 
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Fig. 7. (a) Vertical polarization mode secluded; (b) Horizontal polarization mode secluded. 
For each polarization mode, using Iperf software, we have sent a TCP (transfer control protocol) and ICMP 
(Internet Control Message Protocol) data streams (One million packet) from a computer I to a computer II as shown 
in Fig.8. 
 
Fig. 8. FSO link architecture for test. 
To record the time pace, the WireShark software has been used.  All incoming packets at the destination address 
have been captured. By doing so, there is no need to remove the response time to the computer I which has emitted 
the data. 
As illustrated by Fig. 9 to investigate on PMD characteristics, we have considered in this work the link specificity 
(distance, data rate) and the propagation media behavior: atmospheric space (Encountered particle difference).  
 
    
 
Fig. 9. PMD factor Fig. 10. PMD statistic model. 
 
Visibility in a specified direction is the maximum distance at which the transparency of the atmosphere still allows 
a perfect perception at a moment. There is two type of visibility: Horizontal and Vertical visibility, often different 
from each other. On the macro level, to define the particle encountered during transit, the visibility difference could 
be a good parameter to represent the atmospheric factor. 
Atmospheric 
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The remaining aspect has been to deduce DGD from specific value of PMD factor. Let’s consider first atmospheric 
electromagnetic wave propagation equation, figure out the wave pace for each direction depending on atmospheric 
specificity and deduce the delay between polarization mode.  
A simple way to build a relation between DGD and the specified factor is experimental measures of DGD. A panel 
of data for a specified sample has been considered (Fig.11) and some deductions have been made from statistic results. 
 
 
Fig. 11. (a) Polarization sheet 0° on transmitter; (b) Polarization sheet 90° on transmitter; (c) Polarization sheets in opposite alignment. 
If each polarization mode travels at specific speed, this will induce a dispersion due to the time delay. Polarization 
sheet acts as an insulating component to sort one mode of polarization. 
For experimental tests measurements, we have worked with the LanTastica 3-Speed. It is a FSO equipment 
provided by Optica. The emitted light wave is a standard pulse by default. The task would be find a way to produce 
polarized waves by using two polarizer devices. The first one is used at the transmitter (Fig. 6.b) and second has been 
placed at the receiver. Four different configurations are considered while reporting the tests results. 
• Configuration I: In the first step we have simply recorded the incoming power (there is no polarization device 
in the link).  It can be used to compare that incoming power recorded change with climatic condition and other 
configurations including one or two polarizers. 
• Configurations II and III: In these cases we added only one optical polarizer at one side of optical 
communication link. In case of configuration II, the polarizer has been set at the transmitter side only and in case of 
III the optical polarizer has been placed at the receiver side only. After rotating the device in 3 positions 0°, 45°, 90°. 
It could be noticed the incoming power changing. The recorded received power difference from the two other positions 
on the same link. 
• Configuration IV: In this case, we put at the same time an optical polarizer at the transmitter and an optical 
polarizer at the receiver side. Then the transmitter polarizer has been rotated in 3 positions 0°, 45°, 90°. The receiver 
device is fixed at a 0°. 
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4. Experimental results and discussions  
In order to perform the experimental tests, the LanTastica model 3 optical transceiver has been used. A 30 m of 
distance has been considered. The technical specification of the LanTastica are given in the Table 1 as follows: 
     Table 1. Optical system parameters (LanTastica) used for the experimental tests. 
Parameter Value 
Transmission wavelength 
Coherent crystal laser mean power  
( 2CW ; 50 mW of each) 
Sensibility 
Optical diameter of the transmitter lens 
Optical diameter of the receiver lens 
780 nm 
17 dBm 
 
-50 dBm 
19mm 
100 mm 
Field divergence of right transmitter laser 2 mradian 
Field divergence of left transmitter laser 
Receiver field of view 
1 mradian 
6 mradian 
 
For TCP data stream test, one million of packets have been sent. The recorded delay between polarizations modes 
are shown in Table 2. 
     Table 2. Result for one million packets of data stream sent based on TCP. 
Signal Average Time  (in second) 
Standard Pulse 0,00012273 
Vertical 0,00012192 
Horizontal 0,00012337 
Delay between the two modes is 1,453 microseconds 
For ICMP data stream, 2000 packets have been sent. The recorded delay between polarizations modes are shown 
is Table 3. 
Table 3. Result for one million packets of data stream sent based on ICMP 
Signal Average Time  (in millisecond) 
Standard Pulse 1,782156078 
Vertical 1,652457729 
Horizontal 1,838814407 
Delay between mode 0,1863 milliseconds 
It is easy to deduce the difference between the two proposed approaches. The ICMP or ping test has taken too long 
time compared to the TCP one. For each tested positions, it takes 35 minutes with ICMP instead of ten with TCP.  It 
will be interesting to investigate on the reasons of these differences. The rest of our work rely on TCP tests. 
It can be seen that the incoming power when the two polarizers are in opposite alignment is widely reduced instead 
of null. 
0°, 45°, 90° are key positions, that represent horizontal, oblique, vertical alignment. We use this mark to put the 
two device in opposite or similar position. 
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     Table 4. Incoming power on receiver with specific configuration of polarization sheets. 
Configuration Transceiver-Receiver 9h00 10h00 11h00 
I No Device- No Device 6,54 – 6,40 6,28 –6,20 6,03 –5,11 
 
II 
0- No Device 4,19 – 4,36 4,10 – 4,30 4,10 – 4,15 
45- No Device 4,04 – 4,21 4,00 – 4,28 3,90 – 4,13 
90- No Device 3,54 – 3,58 3,34 – 2,70 3,11 – 2,30 
 
III 
 
No Device -0 4,02 – 4,30 4,19 – 4,36 3,25 – 3,19 
No Device -45 3,90 – 4, 15 4,04 – 4,21 3,12 
No Device -90 3,14 – 2,80 3,53 – 2,40 2,54 – 2,70 
 
IV 
 
0-0 3,88 – 3,64 3,73 – 3,70 3,88 – 3,64 
0-45 3,77 – 3,54 3,57 – 3,32 3,77 – 3,54 
0-90 1,22 –1,17 1,20 – 1,1 1,02 – 0,95 
     
These results show the characteristic of polarization. In case II, we have the standard signal from the transmitter which 
is adjusted in a specific position. There was only one polarization mode originated at the transmitter which might 
travel to the receiver.  
The results in Table 4 in general and particularly the case of configuration IV confirm the evidence of dispersion since 
the signal is detected at other angle mode even with polarizers at orthogonal positions. The standard incoming signal 
from the transmitter has been adjusted at the receiver in case III with only one polarization mode. For the fourth case 
which is the last one, corresponds to putting two optical polarizers which could lead to a drop of signal depending on 
the set direction at the two positions. Considering the same direction for the polarizer allows one mode to be generated 
from the transmitter and the only one to be received at the receiver if there is no dispersion in the propagation medium.  
Putting the two devices on orthogonal directions (0° and 90°) is the worst case of transmission since the generated 
signal at the transmitter might not be received with such polarization at destination. 
At this point, the remaining aspect is to evaluate DGD delay. We will use the PMD attesting process to size the DGD. 
DGD could be deduced from the delay between the inverse of data rate according to the two polarization modes. One 
approach to estimate the DGD could be formulated as: 
ܦܩܦሺݏሻ ൌ ௕ܶ௏ െ ௕ܶு 
 
 (1) 
Where  
െ ௕ܶ௏ is the bit transmission time for vertical mode, and  
െ ௕ܶு is the bit transmission time for horizontal mode 
Equation (1) could be rewritten as: 
ܦܩܦሺݏሻ ൌ 1/ܦோ௏ - 1/ܦோு   (2) 
Where  
- ܦோ௏ is the data rate in vertical mode 
- ܦோு  is the data rate in horizontal mode 
WireShark Software Statistic has been used to get the data rate of captured packets at each polarization mode. 
Table 5. WireShark statistic 
Signal Average MBit/sec Average bytes/sec 
Standard Pulse 97.088 12136038.493 
Vertical 97.705 12213186.234 
Horizontal 96.586 12073257.661 
 
DGD delay = 0,113 nanosecond for 30m 
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The difference of average data rate in standard mode with those in horizontal and vertical modes depicted in Table 5 
also confirms the existence of PMD. The exact PMD expression needs to be refined. 
 
5. Conclusion 
In this paper, polarization mode dispersion on wireless optical communication links have been investigated other 
a measurement approach which allows assessing the DGD.  The experimental system were composed of two FSO 
Stations provided by LanTastica model 3-speed combined with polarizers modules according to four different 
configuration tests. Different optical power have been recorded at the receiver side. In addition to the difference of 
average data rate on each propagation axe, the worst case of orthogonal polarization at remotes sites enabling power 
detection at the receiver confirm the evidence of PMD. These polarizers’ modules have enabled a technique to measure 
the DGD of the link.  
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